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MUSEUM AS EVOLVING CULTURAL ENVIRONMENTS
In the last years, museums are becoming more audience-centered and such trend requires to consider the needs of the audience (the actual as well as the potential visitors) when planning activities and exhibitions (Hooper-Greenhill, 2006) . Furthermore, museums need to adapt themselves to the socio-cultural changes, by finding new ways to meet the emerging demands related to learning and enjoyment (Black, 2005) .
Such evolution is especially pushed by social, political, and economic pressures (Ross, 2004; Bearman and Geber, 2008; Black, 2012) . Ballantyne and Uzzell (2011) explain the audience-centered approach as a strategy that museums adopt in response to the decline in public funding, as well as to compete with other leisure services in engaging consumers.
In addition to the external pressure, there was a change in perspective based on new epistemology for conceiving museums and the contamination with different disciplines, especially psychology and the social sciences.
Such profound change is conceptualized twofold, concerning both the shift from the old museology based on the positivismbehaviorist approach to the new museology based on a constructivist approach, and a change from a collection-centered to an audience-centered focus: while the traditional conception focused on the exposition and tended to direct visitors' behavior throughout pre-determined paths, museum managers today are prone to explore visitors' perspective in order to collaboratively build meaningful experiences (Hooper-Greenhill, 2000; Simon, 2010) . In addition to learning outcomes, museums value emotions, fun, and meaning making (Hooper-Greenhill, 2004) .
In light of the above, an increasing number of museums are seeking innovative solutions to better exhibit and communicate the tangible and intangible heritage they preserve, while engaging visitors in an educational yet leisure experience.
Nowadays, the most promising technologies are those laying in the category of computer-mediated reality. Augmented reality (AR) refers to a system that integrates digital contents (i.e., texts, images, videos, and 3D objects) with the user's perception of the real world, through the use of smart glasses, tablet, and smartphone. It provides an environment where users can view a combination of virtual and real objects, while the virtual reality (VR) immerses the user into a virtual environment (Phon et al., 2014) .
With regard to the cultural heritage, such technologies are applied especially in archeological and historical museums, in order to support visitors in imagining how sites or monuments could originally have looked like (Vlahakis et al., 2001; Tzortzaki, 2002; Damala et al., 2007; Cultraro et al., 2009; Petrucco and Agostini, 2016) . Indeed, AR and VR allow to expose users to stimuli and complex situations that are normally impossible to reproduce in the museum physical location. Moreover, AR and VR are characterized by inherently engaging properties (e.g., users often perceive them as interesting, funny, intriguing, and may prefer them over more traditional devices), and they are scalable and adaptable to different contexts and issues, in that virtual environments and digital stimuli can be designed ad hoc .
Besides the amount of literature on this topic, there are still some open issues that need to be addressed so to better understand how technological innovation supports museum mission and enhance the visitor experience. Moreover, in order to design innovative solutions, the mediation of the technology needs to be investigated considering the interaction between visitors (i.e., their previous experience, interest, and motivation), technology (i.e., its features and mode of interaction), and museum context (i.e., mission and strategies, physical environment, and display of the artifacts).
In this regard, the relationship between the tourism sector and the psychological research is bidirectional: in the attempt to improve the offer, museums pose considerable research challenges which can be addressed by adopting psychological frameworks and methods. In this way, psychological perspective is experimented in an emerging field of study to derive relevant findings and guide the future tourism services design.
The present contribution explores this process by discussing the Socio-Cultural Activity Theory (AT) as a theoretical framework to conceptualize the museum visit as an activity mediated by the technology, and to better identify the factors shaping the interaction between the visitors and the technologies. To do so, a case study is presented: a qualitative research performed at the Ara Pacis Museum in Rome (Italy) to analyze the visitor experience of a tour that integrates augmented and VR.
HOW PSYCHOLOGY CONTRIBUTES TO MUSEUM VISITOR STUDIES
In recent years, the contribution of various disciplines and professionals (i.e., from marketing, computer science, psychology, and pedagogy) makes "Visitor Studies" a growing research field with the aim of creating a more systematic field study on museum visitors (Goulding, 2000; Kirchberg and Tröndle, 2012) , considering the visitor experience as a complexity of memory, personal drives, group identity, decisionmaking, and meaning-making strategies, as well as leisure preferences (Benefield et al., 1993; Bitgood, 2002; Falk and Dierking, 2016) .
For example, environmental psychology's perspective is used to analyze museums as a source of emotions and affect (Cancellieri et al., 2018) . Indeed, there is a significant relationship between the museum's perceived quality and elicited emotions, which in turn affects visitors' satisfaction (De Rojas and Camarero, 2008) .
Psychology has also affected the overall conception of museum and the way the visitor experience is conceived and studied. Indeed, in recent years there was a shift from the "old museology" based on the positivism-behaviorist approach, to the "new museology" based on constructivist approach (Vergo, 1997) .
The old museology conceived the museum as an institution devoted to the education of the masses (Hein, 2002) . The model of communication expert-to-novice placed the museum curator in charge of defining the information to be transmitted, while the visitors were expected to absorb and retain the message (Macdonald, 2006) . The museum collection was the focus of attention, in order to find the most effective way to convey the inherent meaning of the exhibited artifacts (Hooper-Greenhill, 2006) .
By introducing the "New Museology, " Vergo (1997) stressed the need for a re-examination of the role of the museum and its relationship with the visitors and the society.
The shift from the old to the new museology was part of a broader development in many social disciplines that took place during the 1980s and 1990s. Specifically, the diffusion of the Constructivism (with the fundamental contributes of Kelly, Bruner, Mead, Piaget, Lewin, Vygotskij) fostered "reflexivity" among the museum community -in the form of greater attention to the processes by which knowledge is produced and to the partial nature of knowledge itself (Macdonald, 2006) .
Thus, in the last 20 years a debate about the social and political roles of museums has been raised, encouraging new forms of communicating the cultural heritage in contrast to the collection-centered approach (McCall and Gray, 2014) .
In such perspective, the museum is conceived as a "facilitator, " enabler, and mediator of learning since it provides the suitable setting to foster the meaning making of visitors, according to their specific background and needs (Hooper-Greenhill, 2006; Black, 2012) .
The Contribution of Activity Theory
A further step toward a comprehensive understanding of visitor experience derives from the analysis of visitor interaction with technology used as interpretative tool. To this end, the research can benefit from the Cultural-Historical AT (Leont'ev, 1974 (Leont'ev, , 1978 Engeström, 1987 Engeström, , 2000 as framework to guide both the research on and the design of interactive technologies.
Starting from Susan Bødker (1987 Bødker ( , 1990 works, AT was getting the attention of human-computer interaction (HCI) community in line with the attempt to go beyond the cognitive paradigm. Indeed, it was recognized that users' behavior cannot be explained only as a function of their individual mental activity, and the interaction with the technology is not a matter of input-output exchanges between information-processing units (Norman, 1980; Bannon, 1991 Bannon, , 2011 .
Nowadays, there is evidence that it is important to consider ecological criteria for designing technologies (Talamo et al., 2011a,b; Giorgi et al., 2013) , avoiding an idealized and rational model of the practices that inevitably fails to capture the complexity and contingency of real-life actions in specific situations (Talamo et al., 2015) .
Among psychological theories, AT has been recognized as a powerful framework since it explores the interaction between users and tools, and thus it can be successfully applied to study the technology in the context of human activities (Kaptelinin and Nardi, 2006) . Activity Theory conceptualizes the human activity as a form of doing performed by a subject and directed to an object that is a prospective outcome that meets certain needs of the subject. This interaction between the subject and the object can be mediated by the tool, a physical artifact or an intangible tool (e.g., ideas and procedures) that allows the subject to reach the object (Leont'ev, 1974 (Leont'ev, , 1978 .
The tool as a mediator of the activity can be both enabling and constraining: it empowers the subject by enabling him/her to reach the outcome, but it also restricts the interaction to be from the perspective of that particular tool (Kuutti, 1996) . As a mediating tool, the technology may enable an activity that cannot be practically possible and feasible, or it may enable an activity to have an object that would otherwise been impossible to grasp (Kaptelinin and Nardi, 2006) . Activity Theory, by focusing on person's intentionality, tool mediation, and activity analysis, allows museum researchers and managers to consider how the technology impact on visitors' experience in the situated context of exhibitions.
CASE STUDY
The case study described hereafter aims at highlighting how AT could be used as lens for the analysis of museum visitor experience mediated by AR-VR technology.
The research context is the Ara Pacis Museum in Rome (Italy) built around the monument of the "Ara Pacis Augustae, " an altar dedicated to the Roman goddess of Peace that served as a mean to celebrate a long period of peacefulness, abundance, and prosperity approximately from 27 B.C. to 180 A.D. From 2016, the museum offers the tour "Ara as it was" that combines AR and VR, telling the story of the monument and immersing the visitor into the original context of the Ara Pacis.
To perform the tour, the visitors wear Samsung Gear VR headset that includes the visor combined with the Samsung Galaxy S7 smartphone and the headphones.
The tour is organized into nine points of interest (POIs). The first two POIs are based on VR: the visitors, seated on the chairs, are greeted with a 360 • filmed view of the Ara Pacis in the Campo Marzio (the original location of the monument) and then virtually attend the sacrificial ritual performed by actors within a virtual scenario at the time of Ancient Rome. The following seven POIs are located around the monument, where the view of the altar's details is augmented with the colors and the related audio description.
Research Objective and Methodology
The research is an ethnographic investigation aiming at describing the experience of visitors who performed the Ara as it was tour, so to reflect on the added value that technologies provide to the museum.
Some studies have already analyzed the user experience with AR and VR in cultural heritage contexts, in order to guide the future design of innovative technologies. For example, Jung et al. (2016) investigated the impact of AR and VR on the museum visitor experience, by applying social presence theory and considering the four realms of experience economy (entertainment, education, esthetic, and escape experience). tom performed a qualitative research to derive design requirements for AR applications in art gallery. From interviews with participants elaborated through an affinity diagram, the authors derived a list of recommendations beyond just easiness and quality of the contents, including comfort, novelty, and hedonic attributes. The study by Petrucco and Agostini (2016) is focused on the learning process stimulated by the use of AR-VR application to discover the Roman remains in Verona. The research employed observation and interviews with pupils and teachers to analyze the impact of the technology on formal and informal learning process.
While most of the literature is focused on the experience of visitors, there is the need to consider the peculiarities of the museum where the technology is implemented. As in the study of Damala and Stojanovic (2012) , technological innovation should be considered in the light of the strategies the museum adopts to promote the heritage and to engage the audience of regular and potential visitors.
Besides the amount of literature on this topic, there are still some open issues that need to be addressed so to better understand the interaction between visitors (i.e., their previous experience, interest, and motivation), technology (i.e., its features and mode of interaction), and museum context (i.e., mission and strategies, physical environment, and display of the artifacts).
To address this challenge, the research has been driven by the following research questions (RQs):
• What are the motivations that drive visitors to visit museums using AR-VR technologies? • What are the outcomes resulting from the visit experience?
• How does the technology mediate the museum visit experience?
The research was performed in compliance with the code of ethics of psychology professionals. The research has been approved by the Ph.D. Council of the Department of Social and Developmental Psychology of the Sapienza University of Rome.
Data Collection and Analysis
Ethnography in the domain of Museum Visitor Studies is widely used, in line with the constructivist and socio-cultural turn of the new museology. Similarly, the adoption of ethnography in the field of HCI derives from the need for a holistic perspective and qualitative methods to deeply investigate work and every day practices as they occur in the natural context.
Data were collected through a mixed method in order to focus the attention on the personal, environmental, and technological components of the experience, by integrating the auto-ethnography, observation, and the interviews. Such mixed method improves the richness of the data and provides a comprehensive dataset to analyze the complexity of the user experience (Preece et al., 2002) .
The auto-ethnography (also called self-ethnography or reflexive ethnography) involves researcher's self-observation and reflexive investigation during the exploration of the research context (Dourish, 2006; Hammersley and Atkinson, 2007; Maréchal, 2010; Draper, 2015) .
At the Ara Pacis Museum, two sessions of auto-ethnography were performed in order to explore the personal visitor experience within the research context by visiting the museum and using the technology. In this way, the museum identity and the properties of the tour were investigated and the research design was further defined.
Instead of searching for objectivity and reducing the source of "bias" that is the researcher's experience and influence, the aim was to use the researchers' personal experience as a source of information about both the topics under investigation and the way they are investigated (Maréchal, 2010) .
As the main method to collect data on real users, semistructured narrative interviews were introduced (Atkinson, 1998) . The questions asked were mainly open-ended so to foster the respondents to describe their experience and point of view, without forcing them to select from pre-defined answers. Although the interview framework has been defined to cover a list of pre-defined questions, it was flexible enough to be adapted to the narration of the interviewed, so to expand and enrich the answers (Silverman, 2015) .
We performed the interviews with the museum curator, the project manager, and the designer in order to investigate what is called the design-for-use (Folcher, 2003) or technology-asdesigned (Carroll et al., 2002) . Specifically, they were asked to describe the objectives and expected benefits that motivated the introduction of the Ara as it was tour, as well as the design process and the decisions made about the technology and the organization of the tour.
Twenty-one Italian visitors were involved in the research to perform the interviews at the end of the museum visit, in order to collect data about the design-in-use (Folcher, 2003) , meaning how they experience the tour using the technology according to their expectations, motivations, emotions, and interaction experience. Table 1 reports data about the visitors involved in the research.
The interview with the visitors covered the following questions to stimulate the narration about the visit experience:
-Have you ever used AR and/or VR technologies before? -Why did you decided to visit the museum and perform the tour? -What did you expect from this experience? -How did you experience the tour? -What emotions did you feel during the visit? -What are the benefits you gain from this experience? -What are the problems and difficulties you met during the visit?
In addition to the interviews with the visitors, we also employed the "shadowing" technique. This is a form of observation that is often used in workplace studies to observe participants as they move inside different contexts (McDonald, 2005; Hammersley and Atkinson, 2007) , and also to observe how the artifacts mediate between people and contexts, and create a source of articulation work (Mellini, 2013; Talamo et al., 2015) . Shadowing differs from the stationary observation that is commonly used in Visitor Studies, when the researcher stays in one room/area of the museum and observes the interaction of the visitors with the exhibits (Hein, 1999) . Stationary observation is a useful method to evaluate the exhibits (i.e., attracting power and reading of the panels), but it provides only snapshots of the visitor experience. At the contrary, shadowing allows the researcher to observe the whole experience within the museum context for the entire duration of the tour.
Shadowing differs from participant observation because the researcher did not interact with the visitors. Since this method requires to balance researcher's presence and participant's committment (Gill et al., 2014) , the participation of the researcher to the visit was not employed in order to allow the visitors to enjoy the visit as a typical cultural leisure activity. Explanations about what has been observed were then asked during the interviews at the end of the visit.
During the shadowing, several elements were recorded: path and movements inside the museum space; superficial/deep observation of the monument and artifacts; use of other tools (i.e., panels); and interaction with the devise, comments, and dialogue with others (staff and visitors).
The visitors waiting to start the tour were approached and asked to participate in the research. They were informed about the research objectives, the collection of anonymous data used only for research purposes through the observation of their visit, and the interview about their opinions.
For performing data analysis, all raw data (interview transcripts, field notes from auto-ethnography, and shadowing) were elaborated in the form of the Activity Diagram.
The Activity Diagram is an adaptation of Young's (2008) Mental Model: an affinity diagram of user's activities and goals matched with existing tools, services, and products. It is used in the design practice to identify opportunities for designing innovative solutions based on the lack of the existing tools. The Activity Diagram maps users' activity system related to the museum visit, through the lens of the AT. Specifically, it maps the hierarchical levels of the activities and the mediating tools that are of paramount importance because they enable the visitors to reach their objectives.
As shown in Figures 1-3 , the structure of the diagram includes an upper part with users' actions grouped based on their goals, and a bottom part with the existing resources that support the related goals.
RESULTS AND DISCUSSION
This paper covers the results gained from the research, in order to explain how the AT points out relevant issues of the visitor experience.
Technology as a Driver for Museum Visit
Besides the relevant literature about the motivations for visiting museums, the motivations to use AR-VR technology are not specifically addressed, also because the research often involved participants as testers, purposely recruited to assess the technology (see for example, Loscos et al., 2004; Yoon and Wang, 2014) .
Visitors decided to visit the museum because they were curious to experience the tour with AR and VR technologies, expecting to enjoy something new and interesting compared to the traditional visit. Specifically, they expected to have a support for imagining the original appearance of the monument and for gaining information about the monument in an engaging way.
Since most of the participants (16 up to 21) have already visited the museum before, technology can be used as a mean for attracting both first-time visitors and repeated visitors by offering an unusual and engaging experience (Black, 2005) .
They experienced surprise and fascination when they were projected into the virtual scenario, attending the ceremony with the suspension of disbelief and the illusion of non-mediation (Lombard and Ditton, 1997; IJsselsteijn et al., 2000) . Surprise and fascination derived also from the AR effect when the visitors saw the monument turning colors.
With the mediation of the technology, the visit outcomes are not only related to the acquisition of specific knowledge about the monument (i.e., its function, architecture, and decoration), rather they include a general cultural enrichment, pleasure, and enjoyment (Hooper-Greenhill, 2006) . Moreover, the visitors reported they enjoy the visit because they share the experience with relatives and friends, having time to exchange opinions and comments between the POIs.
Another relevant outcome reported by the visitors is the desire to live similar experiences in other museums and cultural heritage sites. Thus, the positive experience lived at the Ara Pacis museum improves their interest and constitutes the prior knowledge that reinforces the future intentions (Rennie and Johnston, 2007; Falk and Dierking, 2016; Jung et al., 2016) .
Such results about the visit outcomes support the need for considering all the possible and unexpected benefits which range from understanding, value, reflection, meaning making, and the desire to learn more (Hooper-Greenhill, 2006; Black, 2012) .
The Added Value of AR-VR in Visitor Experience
The value of the Ara as it was relies on the possibility it offers to both improve the visual perception of the monument and to immerse the visitors into its original context. The VR part of the Ara as it was tour provides the experience of immersion and the illusion of being there, in the ancient Campo Marzio attending the ceremony with ancient Roman people.
While the VR is an effective tool to represent the original context and function of the monument, the AR provides the fascinating visualization of the original colors. In particular, the augmentation with the colors enables the visitors to see the monument as it was in its former glory.
Besides the appreciation of the esthetics appearance of the monument, the visual augmentation linked with the audio description allows the visitors to focus the attention on the details and identify the different elements of the reliefs. Specifically, the technology supports the visitors in focusing the attention and FIGURE 1 | First portion of the Activity Diagram representing: in the upper part, the preparatory activities in the pre-phase of the visit (learn about the museum, organize the visit, reach the museum, and get the ticket); in the bottom part, the existing services/tools/information provided by both the Ara Pacis Museum and other service providers, that the visitors used to perform the above activities.
FIGURE 2 | Second portion of the Activity Diagram representing: in the upper part, the core activities of the visit tour (satisfy the curiosity, acquire knowledge, reflect about present and past time, observe the monument, and feel positive emotions); in the bottom part, the features of the Ara as it was tour and the museum artifact ecology that the visitors used to perform the above activities. interpreting what they observe on the monument, by proposing some key-concepts related to the original socio-cultural context of the monument. By representing its original appearance and function, the technology acts as a bridge between the visitors' activity contexts and activity context of the monument (Kaptelinin, 2011) .
Artifacts Ecology
The research was focused on the artifacts ecology (Jung et al., 2008) , meaning the multitude of artifacts available in the museum. Indeed, instead of considering the use of a single technology in isolation, research should investigate how people distribute their activities across different technologies, with specific functions or overlapping capabilities (Jung et al., 2008; Bødker and Klokmose, 2012; Bødker, 2015) .
The concept of artifacts ecology can be usefully applied to the museum domain, in order to investigate the juxtaposition of different interpretative tools developed over the years and the way visitors used them during the museum experience.
The ecology of the Ara Pacis Museum is composed of the monument, some busts and sculptures which form the museum collection, together with the interpretative tools in the form of scale models of the monument, informative panels, video screen, and the AR-VR technology. Such ecology is the result of a stratification of artifacts over the time: indeed, the introduction of a new technology occurs as an increase of existing tools and practices, and over the years the technological stratification evolves since only rarely a new technology totally replace an existing tool (Bruni and Gherardi, 2007; Talamo et al., 2015) . This is particularly evident in the case of the Ara Pacis Museum, in which the new practice of the Ara as it was tour is embedded in the museum physical contexts with traditional tools like the panels.
During the shadowing, we noted that some visitors read the panels at the end of the tour in order to get further information about the monument and the museum. Thus, the AR-VR technology cannot replace the traditional interpretative tools and it should be properly integrated into the museum context. Specifically, the technology does not replace the scale model of the Ara Pacis with the 360 • virtual reconstruction, neither the informative panels with the audio description, since the traditional interpretative tools are used as complementary supports as much as they respond to visitors' needs and interests (Falk and Dierking, 2016) .
As pointed out by Norman (1991) about cognitive artifacts and by Bødker and Klokmose (2012) about artifacts ecology, the introduction of a new tool changes the activity of the users who need to perform additional tasks. Indeed, a relevant portion of the Activity Diagram (Figure 3) is related to the use of the device: learning how to use the headset, adjusting the device, and dealing with problems and malfunctions differentiate the Ara as it was experience from the traditional visit.
Even if the visitors are familiar with AR-VR technologies, additional tasks are requested to understand how to perform the tour, adjust and properly use the headset, and deal with struggles and malfunctions. Thus, high level of usability is necessary, as well as the design of a system of instructions in order to facilitate the visitors in learning how and properly use the technology.
CONCLUSION
This paper describes an example of a qualitative research that uses a psychological framework (Socio-Cultural AT) and method (the ethnography) to deal with some emerging challenges of technological innovation in museums. Specifically, the research points out that AR-VR technology can act as a meeting point between the museum's mission (for exhibiting and communicating the heritage) and visitors' need for an engaging, educational, and enjoyable experience.
Indeed, museum experience is part of tourists' hedonic consumption (Skavronskaya et al., 2017) in which learning and leisure are intertwined (Dierking and Falk, 1992; Falk et al., 1998) . The unusual or engaging events experienced on a vacation are more likely to elicit positive arousal and are therefore more likely to be remembered (Zhang et al., 2018) .
The main findings from the research can be summarized as follows:
• The technology can be exploited as an "attractor, " both for tourists and for local visitors, but it should also act as a "sustainer" during the visit (Edmonds et al., 2006) . To this end, the technology should provide a balance between fascination, surprise effect, and quality of the content, so to provide the educational leisure experience the visitors expect to join.
• To stimulate a memorable tourism experience, museums can take advantage from the integration of AR and VR to convey heritage-related information based on the metaphor of the time machine: the augmentation of visitors' perception with visual and auditory information to discover the intangible dimensions of the tangible heritage, and the immersion into virtual scenarios from the past with the illusion of being there.
• Although such technologies offer promising affordances, they need to be designed according to the peculiarities of the museum context (i.e., the museum artifacts ecology). Indeed, the museum artifacts ecology should properly integrate traditional and innovative interpretative tools, both with diverse and overlapping capabilities, so to meet the need and preferences of diverse visitors.
This study is not exempt from limitations, regarding both the methodology employed and the results gained.
The ethnography as it is used in psychological research represents a valuable tool to analyze museum visit as an activity: indeed, it allows researchers to investigate visitors' interaction with the technology, going beyond the mere collection of opinions that could be done with structured customer surveys.
Since it is a situated research -performed in a museum with an unique identity, the contents provided during the tour have been designed ad hoc for the Ara as it was, and the visitors involved are all Italian adults highly motivated to experience the tour -the results are not intended to be generalized.
Regarding the shadowing, being observed inevitably drive the visitors to adapt their behavior to the research situation. This could be overcome by employing audio and video recording without the need for the presence of the researcher.
Moreover, the visitors involved in the research often visit museums, as a habit during travels and a leisure activity during the free-time, and they are interested in cultural heritage. To further enhance the museum mission, we need to investigate the impact of such new technologies on a different target such as those who never visit as well as those who rarely visit museums. The technology could be successfully exploited to engage this audience, by addressing barriers and negative motivations.
Future research may explore more deeply the subjective experience of visitors, for example to investigate links between the appreciation of technologically mediated museum experiences and specific visit motivations. Furthermore, in order to give museum managers information on which technology possibly implementing in their expositions, future qualitative and quantitative research could compare VR and AR in terms of enjoinment, interest, and experience design.
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